Lung cancer causes the most cancer deaths in Korea. Although the smoking rate has begun to decrease, the prevalence of lung cancer is still increasing. We reviewed the national lung cancer registry data and the data published about lung cancer in Korea. In 2012, the crude incidence rate of lung cancer was 43.9 per 100,000. The age-standardized mortality rate of lung cancer was 19.8 per 100,000. The 5-year relative survival rate for lung cancer was 11.3% from 1993 to 1995 and increased to 21.9% in the period from 2008 to 2012. Lung cancer occurring in never-smokers was estimated to increase in Korea. Adenocarcinoma is steadily increasing in both women and men and has replaced squamous cell carcinoma as the most common type of lung cancer in Korea. In patients with adenocarcinoma, the frequency of EGFR mutations was 43% (range, 20%-56%), while that of the EMK4-ALK gene was less than 5%.
of cancer statistics from the Korea Central Cancer Registry (KCCR) estimated that lung cancer was the most commonly diagnosed cancer among men >60 years old and women >70 years old 2 . Although the smoking rate in Korea recently began to decrease, the prevalence of lung cancer is still increasing and is expected to rise for the next 10-20 years 3 . This is due to the lag time between smoking exposure and its long-term consequences and because the Korean population aging (the fraction of the population ≥65 of age was 6.1% in 1996 and 12.7% in 2014) 4, 5 . Interest in lung cancer in patients without a smoking history has increased. Moreover, several reports found that the number of lung cancer in never-smokers is increasing 6, 7 . Recently, a Korean study showed that among 5,456 cases with lung cancer in a community cancer center the proportion of neversmokers increased from 19.1% in 2004-2008 to 25.4% in 2009-2012 8 . Lung cancer occurring in never-smokers (LCINS) is now regarded as a distinct disease entity; clinical and epidemiologic studies identified biologic and genetic differences between smoking-associated lung cancer and LCINS 7, 9 . Never-smoker East Asian females have a tendency to develop adenocarcinoma, and these patients exhibit higher treatment response rates to epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors 10 .
To estimate the lung cancer cases, including the pathologic type of cancer, data from the KCCR, a hospital-based nation-
Introduction
Cancer has been the leading cause of death in Korea since 1983; and in 2013, it was the second leading cause of death after cardiovascular disease worldwide. Lung cancer is the most common cause of cancer death worldwide, both in developing and developed countries. In 2013, the estimated global lung cancer incidence was 1.8 million and the estimated number of fatal cases was 1.6 million . Lung cancer specific death data were acquired from Statistics Korea as were as population and smoking rate data 11 . In this review, we summarized current epidemiologic trends of lung cancer in Korea to provide background and contextual information about lung cancer that is important for management guidelines.
Epidemiology

Incidence
According to the KCCR, in 2012, 22,118 new lung cancer cases were diagnosed in Korea (men, 69.5%; women, 30.5%), accounting for 9.9% of all newly diagnosed cancer cases and ranked fourth by incidence 2 . The crude incidence rate was 43.9 per 100,000. The age-standardized lung cancer incidence rate age-adjusted to the Korean standard population (Korean age-standardized incidence rate, KASIR) was 27.9 per 100,000 in 2012 and the age-standardized lung cancer incidence rate adjusted to the world population (world age-standardized incidence rate, WASIR) was 27.4 per 100,000
2 . The cumulative incidence rate was 1.2% among patients 0 to 64 years of age and 3.4% among patients aged 0 to 74 years 2 . The third most commonly diagnosed cancer among Korean men was lung cancer. In men, the crude incidence rate was 61.0 per 100,000, whereas the KASIR was 45.0 per 100,000. In women, the crude incidence rate was 26.8 per 100,000, whereas the KASIR was 15.3 per 100,000 2 . Globally, occurrence of lung cancer between 0 and 79 years of age was higher in men than women (1 in 18 men and 1 in 51 women) 1 . In 2013, the global lung cancer WASIR in men was 45.17 per 100,000 and 16.15 per 100,000 in women 1 . The mean lung cancer KASIR in large cities or urban areas was lower than in local provinces or rural areas in Korea (27.9 vs. 29.5 per 100,000, p=0.039). This difference was more obvious in men (43.9 vs. 49.3 per 100,000, p<0.0001) 2 . The regional lung cancer KASIR of men was highest in Sejong City (51.4/100,000), and in North Gyeongsang (50.2/100,000) and South Gyeongsang Provinces (50.8/100,000). The regional lung cancer KASIR of women was highest in Ulsan (17.6/100,000), Daegu (17.5/100,000), and Jeju Province (17.4/100,000) 2 . Table 1 shows Korean lung cancer incidence and prevalence rates by age in 2012 2 . Both men and women 65-79 years old had the highest absolute incidence. Among men, the lung cancer KASIR was comparatively low before 49 years of age, then increased significantly with age, and reached its maximum at 80-84 years of age among men and in women over 85 years of age. The age-specific incidence rate of lung cancer was higher among men than in women, with the exception of those younger than 40 years. The 5-year prevalence was determined by surviving patients who had been diagnosed Figure 1 shows trends of lung cancer incidence in Korea between 1999 and 2012. Overall crude incidences for both sexes increased (28.0/100,000 in 1993, 43.9/100,000 in 2012). However, overall KASIR showed plateau with smooth peaked in 2005 then slowly decreased (28.9/100,000 in 1993, 27.9/100,000 on 2012). The peak of the lung cancer epidemic related to tobacco has already passed among men in Korea as well as other developed nations and KASIRs are now decreasing (annual percentage change, -0.9%; p<0.05). In contrast, the KASIR for women has been rising slowly (annual percentage change, 1.7%; p<0.05).
Tracheal, bronchial, and lung (TBL) cancer is estimated to have a high incidence rate globally and in developing countries ranks as the second highest cancer incidence rate. In developed countries, on the other hands, it ranks third 1 . Between 1990 and 2013, the lung cancer WASIR for both sexes decreased by 6% (from 31.12/100,000 to 29.36/100,000), by 14% in developed countries (from 43.81/100,000 to 37.74/100,000) but increased by 9% in developing countries (from 23.04/100,000 to 25.18/100,000). TBL cancer is now ranked as the second most common cancer in men worldwide with a WASIR of 45.17 per 100,000 in 2013. It was the most common cancer in men in 1990 (WASIR, 50.80/100,000). Between 1990 and 2013, in developed countries, WASIR in men decreased by 26.36%, but in developing countries, it increased by 12.17% www.e-trd.org Figure 2 shows the temporal trends of lung cancer histologic types in Korea. Adenocarcinoma is steadily increasing among women as well as men and replaced squamous cell carcinoma as the most common type of lung cancer in Korea. This trend resembles those previously reported from developed countries (Europe, North America, and Japan) and recent trends in Asian countries, such as China [13] [14] [15] . The emergence of adenocarcinoma predominance has become a worldwide lung cancer trend. This shift in lung cancer histologic type has been hypothesized to be caused by several factors 13 . First, the changes in cigarette compositions (lower tar and lower nicotine) and filter cause smokers to inhale deeper to be satisfied 16 , which allowed smoke to distribute more peripherally in the lung 13, 17 . Moreover, in cigarettes, polycyclic aromatic hydrocarbons, which is one of the squamous cell carcinogens, has decreased but N-nitrosamines, which might induce adenocarcinoma, increased 13, 18 . Another hypothesis is that adenocarcinoma requires a longer lag time to produce a tobacco related epidemiologic peak than does squamous cell carcinoma or small cell carcinoma. In the Nurses' Health Study (NHS) cohort in the United States, the risk of small cell and squamous cell carcinoma increased more rapidly with increasing smoking duration than did adenocarcinoma 19 . However, adenocarcinoma is more common in never-smokers. Especially in Asia, most female lung cancer patients are never-smokers and their histologic type is adenocarcinoma 18 . Moreover, cases of LCINS in Asia (Hong Kong, Singapore, Japan, and Korea) are diagnosed at an earlier age than cases of lung cancer in smokers 18, 20 . These findings have not been reproduced in European studies and never smoking patients with non-small cell lung cancer (NSCLC) in the United States were consistently older than ever-smoking patients 18, 20 . These findings suggest that other unidentified etiologic factors might be related to the development of LCINS.
Trends of lung cancer histologic types
Mortality
In 2014, the age-standardized mortality rate (ASMR) of overall cancer in Korea was 155.3 per 100,000 for males and 69.1 per 100,000 for females. Cancer has been the leading cause of death in Korea since 1983. The proportion of deaths from cancer has steadily increased, accounting for 28.6% of the total deaths in 2014 11 . Moreover, lung cancer was the most common cause of cancer death, based on absolute cases, globally as well as in developing and the developed regions 1 
Survival
Age-standardized 5-year net survival from lung cancer was typically low, in the 10%-20% range, for most geographical areas, in both developed and developing countries 22 . In Korean men, lung cancer had the second worst 5-year survival rate after pancreatic cancer and among women, had the third worst rate after pancreatic cancer and liver cancer during 1993-2012 2 . However, in the 1995-2009 global surveillance study of cancer survival, 5-year lung cancer survival in most nations had improved, up to 10% 22 . Table 2 shows an increasing trend for relative survival rate of lung cancer in Korea 2 . The overall 5-year relative survival rate for lung cancer during the period of 1993 to 1995 was 11.3% and increased to 21.9% during period of 2008 to 2012; in women survival improved more markedly (from 14.2% to 28.2%) 2, 21 . Stage at diagnosis accounts for the greatest variation in prognosis, but patients characteristics are also associated with poorer survival; these include being older, male gender, African American in the United States and low socioeconomic status 23 . Table 3 . It was postulated that decreased DNA repair capacity in women might be responsible for the increased response rate and toxicity with platinum agents 26 . Lung cancer patients of Asian ethnicity survived longer than whites in several large epidemiologic studies 27 . A retrospective, population based analysis of NSCLC in US Koreans and Caucasians showed that Korean ethnicity is an independent favorable factor not only in the pre-epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI) era but also in the post-EGFR-TKI era . In another study, based on multivariate analyses, among 2,140 NSCLC patients within the United States, Asian American ethnicity was a favorable prognostic factor for overall survival (Asian American vs. non-Asian; HR, 0.861; 95% CI, 0.808-0.918; p<0.0001), among smokers (Asian American vs. non-Asian; HR, 0.867; 95% CI, 0.807-0.931; p<0.0001), and among never-smokers (Asian American vs. non-Asian; HR, 28 . The reasons for the more favorable prognosis in Asians are incompletely understood, but one contributory factor is differences in tumor characteristics. For example, in Asians the prevalence of EGFR mutations in lung tumors is much higher than in whites 23 . Another explanation is population related pharmacogenomics. A study that analyzed results from three phase III trials suggested a 3-to 5-month overall survival improvement in Japanese NSCLC patients relative to US patients who received carboplatin and paclitaxel as first-line treatment. Differences in the allelic distribution of genes involved in paclitaxel disposition or DNA repair were observed 29 .
Risk Factors for Lung Cancer
Smoking overall
Smoking is the most important risk factor for lung cancer. In Korea, the prevalence of smoking in males has passed its peak. The age standardized smoking prevalence in Korean men was 63.4% in 1998 and steadily decreased to 38.1% by 2013. Among women, there were no obvious changes in smoking prevalence in the 21st century and it had plateaued at approximately 5% 11 . The age standardized lung cancer incidence and mortality rates among men declined after the mid-2000s and are starting to plateau for women; this may reflect previous trends in smoking prevalence 2 . In a prospective cohort study, among Korean men >40 years old, the relative risks of smokers, compared with nonsmokers, for the development of small cell, squamous cell lung carcinoma, and adenocarcinoma were estimated as 21.7-fold, 11.7-fold, and 2.1-fold, respectively 30 . A recent meta-analysis showed a relationship between smoking and lung cancer risk, clearly seen for ever smoking (relative risk, 5.50; 95% CI, 5.07-5.96), current smoking (relative risk, 8.43; 95% CI, 7.63-9.31), and ex-smoking (relative risk, 4.30; 95% CI, 3.93-4.71) 31 . Moreover, smoking status is well demonstrated to be one of the prognostic factors for advanced NSCLC 32 . Regarding specific histologic types, a retrospective clinical study from Japan showed that smoking increased mortality by a HR of 1.34 (95% CI, 1.15-1.55) in adenocarcinoma, but only by 0.99 (95% CI, 0.75-1.31) in nonadenocarcinoma 33 .
Lung cancer in never-smokers
Recently, lung cancer in patients without a history of tobacco smoking has gained attention and the distinct entity, LCINS, has been introduced 34 . Many studies reported differences between smoking associated lung cancer and LCINS in clinical features and also in biological and genetic characteristics (LCINS was associated with Asian ethnicity, female gender and adenocarcinoma) 34 . This is especially relevant to developed Asian countries, such as Korea and Japan. The World Health Organization estimates that among lung cancer cases worldwide, 25% were never-smokers 35 . However, the proportion of LCINS cases varies widely and its temporal trend has not been well studied and is debated. 7 In et al. 3 showed that among 8,788 Korean patients (female, 24.2%) diagnosed in 2005, among the men, 87.3% were current or former smokers and among the women 79.7% had no history of smoking. In this current review, we could assume an increase of LCINS in Korea during the last decade based on the fact that crude lung cancer incidence among women is increasing steadily (1.8-fold during 1999-2012), whereas the smoking rate in women remains very low (5%) in Korea. The etiology of LCINS remains uncertain although several possible risk factors have been suggested, including environmental tobacco smoke (ETS), occupational carcinogens exposure, cooking fume exposure, oncogenic virus, pre-existing lung diseases, diet, and estrogen 34, 36 .
Environmental tobacco smoke
The relation between lung cancer and passive smoking has been well demonstrated. In a 1997 meta-analysis of passive smoking that categorized lifelong non-smokers according to whether the spouse currently smoked or had never smoked, Hackshaw et al. 37 observed an odds ratio (OR) of 1.26 (95% CI, 1.07-1.47) and significant dose-response relationships between the lung cancer risk and both the quantity of cigarettes smoked by the partner and the exposure duration. In addition, Zhong et al. 38 showed in their meta-analysis that the lung cancer relative risk of never-smoker women who were exposed to their husbands' smoking was 1.20 (95% CI, 1.12-1.29). However, the effect of second-hand smoking on the specific histological types has not been well studied and is debated 34 . Interestingly, in epidemiologic studies of whites with NSCLC in the United States and Europe, cases of LCINS have been consistently older than lung cancer patients with a smoking history 39, 40 . However, in studies conducted in Asian countries, including Korea, LCINS cases were younger at diagnosis. Toh et al. 41 reported that in Singapore the mean age at diagnosis was 62 years in never-smokers (compared to ex-smokers, 72, and current smokers, 67). Kawaguchi et al. 42 studied 4,954 Japanese patients with lung cancer and showed that younger patients (<59 years old) with lung cancer were more frequently never-smokers. In a retrospective comparative study of Korean and United States whites with NSCLC, Korean never-smokers were significantly younger than Korean eversmokers (61 years vs. 63 years, p<0.0001), whereas white never-smokers were significantly older than white ever-smokers (75 years vs. 70 years, p<0.0001) 20 . The dose response relationship between ETS and lung cancer risk observed in studies of Western populations is biologically plausible; ETS requires more time to progress to cancer than direct smoking. Howev-www.e-trd.org er, the opposite results found in studies of Asian populations might suggest that carcinogenic etiologies and pathogenesis mechanisms of LCINS differ in Asians and whites 35 . Moreover, as mentioned in this review, the smoking rate among men has already decreased in the past 10 years, but the crude incidence of lung cancer in women is still increasing. This trend in women is not explained by second-hand smoke.
Air pollution
Globally, ambient air pollution is the most widespread environmental carcinogen. Exposure to fuel combustion for heating, cooking, power generation, motor vehicles and industrial processes is ubiquitous 43 . Several studies in Europe demonstrated that lung cancer risks were increased by exposure to certain atmospheric components by 1%-3.6% and were higher, by as much as 5%-7%, in never-smokers 35, 44 . In 2010, approximately 223,000 deaths from lung cancer worldwide were attributed to air pollution 43 . A recent Japanese prospective cohort study of 63,520 participant analyzed 10-year average concentrations of particulate matter less than 2.5 m in aerodynamic diameter (PM 2.5 ), SO 2 , and NO 2 . The hazard ratios for lung cancer mortality associated with a 10-unit increase in the above three exposures were 1.24, 1.26, and 1.17, respectively 45 .
Hwang et al. 46 demonstrated that long-term exposure to PM 10 in Korean metropolitan cities was significantly associated with female lung cancer incidence; mortality and incidence were increased by 27% and 65%, respectively, at the highest PM 10 category (>70 g/m 3 ) compared to the referent category (<50 g/m 3 ). A study that analyzed Korean medical insurance corporation and air quality data of the areas where lung cancer patients and controls lived showed that ozone and carbon monoxide increased the risk of lung cancer by 2.04 and 1.46, respectively 47 . Combustion is a ubiquitous cause of environmental air toxin exposures and emissions of a wide range of species. In more developed countries, motor vehicle emissions play an important role in exposure to air pollution. In developing countries, household use of biomass and coal are a continuing source of concern, along with increasing exposures to automobile emissions as vehicle fleets increase 43 . Many studies have shown that women exposed to coal smoke have an elevated lung cancer risk in China. The results of a meta-analysis indicate that the relative risk for lung cancer from exposure to coal smoke in women over 30 years of age is 1.94 (95% CI, 1.09-3.47) 48 . The biomass primarily includes wood, animal waste (dung), leaves and grass. In a European multicenter study, Lissowska et al. 49 demonstrated a 20%-30% adjusted increased risk of lung cancer among people who burned wood, but not coal, for cooking or heating compared with people who never used these fuels.
Cooking oil fume is another possible risk factor, as demonstrated in several studies in China where high temperature cooking using oil is combined with poor kitchen ventilation. Zhao et al. 50 , reported that exposure to cooking oil fumes conferred an increased risk for lung cancer (OR, 2.12; 95% CI, 1.81-2.47) in the women without a smoking history, based on a meta-analysis. In additions, a dose-response relationship between cooking fumes exposures and lung cancer was demonstrated among Chinese women who were nonsmokers 51 , and poor home kitchen ventilation was associated with an increased lung cancer risk in this Chinese study 52 .
Chronic pulmonary disease
Recent studies demonstrated that inflammation may play an important role in cancer pathogenesis 53, 54 . Pulmonary conditions, such as chronic bronchitis and emphysema, tuberculosis, and pneumonia, are the major causes of lung tissue inflammatory processes 54 . The pooled analysis from studies conducted in Europe and Canada showed that chronic bronchitis (in men; OR, 1.33) and emphysema (in men; OR, 1.50) were positively associated with lung cancer, after accounting for other respiratory diseases and smoking. Recent pneumonia (2 years or less before lung cancer) conferred a 3.31-fold risk for lung cancer for men. Tuberculosis diagnosed 2-4 years prior conferred an increase risk of lung cancer, an OR of 3.26 for men and an OR of 5.06 for women 55 . Recent evidence indicates that lung cancer occurred in approximately one in every 10 patients with idiopathic pulmonary fibrosis (IPF) with a prevalence ranging from 4.3% to 13% and that IPF alone is an independent risk factor for lung cancer 56 . Moreover, in Korea, Kwak et al. 57 demonstrated that combined pulmonary fibrosis and emphysema conferred a higher risk than did emphysema alone (adjusted HR, 4.62; 95% CI, 1.58-13.55). We previously reported that squamous cell carcinomas are the most common histologic type in the setting of IPF in Korea and IPF was an independent poor prognostic factor for survival among surgically treated lung cancer patients 58 .
Molecular epidemiology
Recently, molecularly targeted therapies have improved treatment for patients whose tumors have somatic driver oncogenes, such as mutant EGFR or trans-located anaplastic lymphoma kinase (ALK), rearranged during transfection (RET), or ROS1 59 . To select patients who will have an appropriate therapeutic response, molecular testing is a routine, clinically important tool 60 . In our previous study, EGFR gene mutations were identified in 29% of patients with non-squamous NSCLC by direct sequencing. EGFR mutations were significantly more frequent in non-smokers or light smokers than in heavy smokers (44 63, 64 . Using these advanced technique, EGFR mutation among patients with pulmonary adenocarcinoma in Korea increased up to 51%-52% 64 . Interestingly, a single center study of EGFR mutations in Korean NSCLCs showed a 51.3% positive rate (196/382) by direct sequencing. In this study, the specimens tested were usually surgically resected samples (77%), which could provide sufficient tumor cell content 65 . A recent systematic, worldwide review of the frequency of EGFR mutation in patients with adenocarcinoma confirmed a higher mutation rate in Asia-Pacific countries (overall, 47%) than in Europe (15%), North America (22%), the Indian subcontinent (26%), and Oceania (12%). In most geographic regions, this mutation was higher in women compared with men and in never-smokers compared with ever-smokers 60 . Although this review could not consider sensitivity differences among testing methods, the Korean-specific overall EGFR frequency in patients with adenocarcinoma was 43% (1,248/2,884; range, 20%-56%) among 17 Korean studies 60 . Echinoderm microtubule-associated protein-like 4 (EML4)-ALK fusion gene leads to expression of a chimeric tyrosine kinase, which has potent oncogenic activity. Lung cancer patients with this fusion gene had a dramatic favorable treatment response to ALK inhibitors (such as crizotinib) 66 . Several studies have reported that ALK-positive patients are younger, have never smoked and predominately have adenocarcinomas 66, 67 . The prevalence of ALK positive is approximately 4%-5% of all NSCLC patients in both Caucasian and Asian populations 68, 69 . Koivunen et al. 70 observed a 3% positive rate of EMK4-ALK fusion gene among Korean (6/167) and Caucasian (2/136) patients, and all the positive patients had adenocarcinoma. Recent data from a single center in Korea showed that 10.4% (46/440) of patients with adenocarcinoma had the EML4-ALK fusion gene 67 . Novel fusions of the RET gene have been identified in 1%-2% of patients with NSCLC 71 . Yoo et al. 72 showed that RET fusion genes occur in 1.9% (3/156) of surgically treated NSCLC patients in Korea.
Recently, genome-wide association studies have identified three chromosomal loci, 5p15, 6p21, and 15q25, as being associated with lung cancer risk in European and American populations 73 . Korean population based studies also confirmed the association between single nucleotide polymorphisms in the 5p15 and 15q25 chromosomal regions and lung cancer risk 73 .
Ahn et al. 74 demonstrated that the 18p11.22 region is a novel NSCLC susceptibility locus in Korean never-smokers.
Conclusion
Although the smoking rate has been declining for a decade, lung cancer prevalence is still increasing in Korea. The burden of lung cancer is expected to grow due to aging of the Korean population and the increasing incidence of lung cancer in never-smokers, especially among women. To reduce smoking rates and air pollution, more active interventions should be implemented. Further research is needed about the causes and carcinogenesis of lung cancer in never-smokers.
